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Sn consists of a closed (Z = 50) proton shell. Consequently, 
one should expect to see levels formed by the excitation of a single 
proton to the next higher shell. In tin such particle-hole states would 
be formed by coupling a g 9/ / 2 > Pjy 2 > p 3/2’ or f 5/2 hole to a d 5/2’ 
g 7/2’ ^3/2* or s 1/2 P article > with eac{l possible pairing resulting in 

The present experiment, 


a multiplet of states 2J . + 1 in number. 

121 3 120 mm 

Sb(d, He) Sn, should excite only those multiplets which are 

based on a d,- /0 particle, since that is the dominant configuration of 

121 °/ ^ 3 
the Sb ground state. In addition (d, He) studies on the tin nuclei 

(ref. 1) indicate that no pickup from the fg^g shell is observed in that 
reaction and that only one strong state is observed for each of the other 
L- value transfers. As a result one would expect to see just three 
multiplets in the present experiment, as illustrated in figure 1. These 
are the d 5/2 x ^ g 9/2^ _1 with a multiplicity of the d 5/2 x (Pi/2^ _1 with a 
multiplicity of 2, and the d 5/2 x ^3/2^”^ a mul tiplicity of 4. In ad- 
dition one would expect the total strength and the energy centroid of 

each of these multiplets to be the same as that observed for the hole 
120 3 119 

state in the Sn(d, He) In reaction at the same energy. Previous 
3 

( He, d) experiments (refs. 2 to 4) as well as a (t, a) experiment 

(ref. 5) have indicated the existence of such states in tin. The present 

work resolves a number of such individual levels and compares their 

120 3 

strength and excitation energy with that observed in the Sn(d, He) 
reaction, which was also remeasured here. 

The present work was carried out using the 45-MeV deuteron beam 
from the Berkeley 88-inch cyclotron. A schematic diagram of the 
scattering system is shown in figure 2. It is described in detail else- 
where (ref. 6). The arrangement consisted of momentum- analysis of 
the incident beam, isotopically enriched targets of antimony (0, 15 mg/ 
cm ) and tin (0. 40 mg/cm ), solid-state E and AE detectors, and 
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particle identification using standard Goulding- Landis circuitry. A 

121 3 

typical energy spectrum from the Sb(d, He) reaction is shown in 
figure 3. An overall energy resolution of 50 keV was obtained for most 
of the runs. This permitted observation of a number of individual 
particle-hole states, although clearly some are still unresolved. For 
example, the peaks at 3. 89, 4.46, and 4. 69 MeV appear not to be sin- 
glets. Excitation energies were determined for a total of 21 states 

and angular distributions between 10° and 30° were measured for 19 of 

120 3 

these plus the ground state. In the Sn(d, He) reaction, angular dis- 
tributions and spectroscopic factors were measured for the ground and 
first two excited states of indium. These results are in good agreement 
with reference 1. 

DWBA calculations have been carried out to determine L-values 
and spectroscopic factors for each of the observed states. These were 
done using the computer code DWUCK (ref. 7) and the optical potentials 
shown in table I. The deuteron potential is taken from the work of 

O 

Duelli et al. (ref. 8) and the He potential is from Gibson et al. (ref. 9). 

Figure 4 shows angular distributions for four states which have 
L = 2. These are the ground state and states at 1. 17, 2. 21, and 2. 41 
MeV. Another weak L = 2 state was seen at 2. 10 MeV and is not 
shown here. The assignment L = 2 for the 2.41 MeV state indicates 
that this is the positive parity state reported in reference 10, and not 
the 3" state seen in inelastic scattering (ref. 11). 

The first observed particle-hole states occur at excitation energies 
of approximately 3 MeV. All of the states seen at energies higher than 
this have, as expected, angular momentum transfers of either 1 or 4. 
Angular distributions for the L = 4 states are shown in figure 5 to- 
gether with DWBA calculations. A total of six states was seen, just the 
number predicted by a particle-hole coupling model. 

Figure 6 shows the angular distributions and calculations for six of 
the L = 1 states which were observed. Three other weakly excited 
states at 3. 89, 4. 12, and 3.09 MeV are also best described as L = 1, 
which makes the number of L = 1 states larger than predicted from 
particle-hole coupling. 
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A summary of this data is shown in figure 7, where spectroscopic 
strengths as well as excitation energies are given for each level. Also 
shown on this figure are the energy centroids for the L = 2, L = 4, and 
L = 1 levels. The location of the L = 4 centroid indicates a residual 
particle-hole interaction of 660 keV, as compared with the value 600 keV 
reported by Biggerstaff et al. (ref. 3) for *^Sn. 

Table II shows the same data and table III the summed spectroscopic 

strength for each of the angular momentum transfers. Also shown in 

table HI are the strengths observed for gg/ 2 > Pi/2’ and P3/2 

from ^®Sn, as well as the sum rule limit, assuming each shell to be 

120 

completely filled. The strengths for the Sn experiment are taken 
from the work of Wieffenbach et al. (ref. 1) and Conjeaud et al. (ref. 12) 
as well as from an auxiliary experiment performed here. 

It can be seen that for the L = 2 pick up, approximately 70 percent 
of the expected strength is observed, although it is split into five differ- 
ent states. This splitting as well as the missing strength is probably 
due in part at least to configuration mixing in the ground state of anti- 

Q 

mony, which has been found in ( He, d) experiments to account for only 
65 percent (ref. 13) of the dg ^ strength. 

For the L = 4 transitions at least six states are observed, however, 
these account for only about 25 percent of the strength expected from the 
sum rule, or about 40 percent that observed in pickup from tin. Quali- 
tatively, the same thing appears to be true for the L = 1 transitions, 
although Pjy 2 and P3/2 Pinknp cannot be distinguished. The total strength 
for all nine L = 1 states is less than 2, as compared with the sum rule 
limit of 6 and the 3.4 observed in the tin experiments. Even considering 
the configuration mixing in the antimony ground state and the possible 
25 percent experimental errors in the measured spectroscopic factors, 
it appears that a considerable amount of L = 4 and L = 1 strength is 
still unaccounted for. In addition, the energies of the L = 1 states are 
slightly lower relative to the L = 4 states than they are observed to be 
in indium. A large part of the breakdown of the simple model is prob- 
ably due to mixing with levels which arise from the coupling of a hole to 
a particle in a higher shell (gq/2’ ^ 3 / 2 ’ or s \/2 > ’ These l eve ls should 
appear at nearly the same excitation energies as the d^ states. 
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TABLE I 

OPTICAL MODEL POTENTIALS 


DEUTERON 

REAL 

IMAGINARY 

SPIN-ORBIT 

V = 102 . 6 MeV 
R = 1. 05 F 
a = 0. 925 F 

W D = 15. 5 MeV 
R = 1.27 F 
a =0.801 F 

V so = 6. 8 MeV 
R = 1. 05 F 
a =0.925 F 

HELIUM-3 

V - 170. 0 MeV 
R - 1. 14 F 
a = 0. 723 F 

W = 17. 4 MeV 
R = 1. 60 F 
a =0.81 F 





BOUND STATE 

R = 1. 25 F 
a = 0. 65 F 


A = 25 
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TABLE II 


SPECTROSCOPIC STRENGTHS FOR L = 1 TRANSITIONS, 
STRENGTHS ARE SHOWN BASED ON BOTH p 1/2 & P 3/2 PICKUP 


B9I 

L 

S 


L 

S 

0 

2 

■HI 

4.12 

1 

0.099, 0.083 

1. 17 

2 

.19 

4.23 

4 

0.65 

1. 93 

— 


4.37 

1 

.39, 0.32 

2. 10 

2 

.01 

4.46 

1 

.49, 0.39 

2.21 

2 

.04 

4.58 

— 


2. 41 

2 

.04 

4.69 

1 

.34, 0.27 

3.09 

1 

0 . 020 , 0.016 

4.77 

4 

.74 

3.64 

4 

.094 

4.92 

1 

.23, 0.19 

3. 75 

4 

.11 

5.09 

1 

.24, 0.20 

3.89 

1 

.078, 0.067 

5.16 

1 

.26, 0.21 

4.00 

4 

.53 

5. 23 

4 

.54 


SUMMED SPECTROSCOPIC STRENGTHS COMPARED WITH OTHER EXPERIMENTAL RESULTS 


SHELL 

121 Sb(d, 3 He) 
PRESENT WORK 

120 Sn(d, 3 He) 

' 

120 Sn(d, 3 He) 

120 Sn(d, 3 He) 
PRESENT WORK 

SUM RULE 
LIMIT 

2 ds /2 


0. 75 


— 

— 

1.0 

% 2 . 


2. 66 

6.5 

5.9 

4.9 

10.0 

jjpjj 


2.34, 1.75 

3.4 

3.3 

3.6 

~ 6. 0 


TABLE III 
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Fig. 1 
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HELIUM-3 ENERGY 
Fig. 3 


Sn G.S. 







1,a Sb(d, 3 He) 120 Sn 
CROSS SECTIONS FOR L - 1 TRANSITIONS 


DWBA CALCULATION 
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Fig. 6 
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Fig. 7 
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